Introduction: A real-world study was performed to describe the clinical characteristics of patients who received dapagliflozin to better understand differences when initiating dapagliflozin in various countries and different prescribing settings. Methods: We assessed pooled data from observational studies carried out in Italy (n = 2484), Spain (n = 564) and Greece (n = 87). The primary objective was to compare the clinical profile of patients initiating dapagliflozin in the three countries. We also evaluated the percentage of patients who received dapagliflozin in
INTRODUCTION
Type 2 diabetes (T2D) is currently estimated to affect more than 415 million adults globally and, with its increasing prevalence, more than 640 million adults are anticipated to have diabetes by 2040 [1] . As a result of hyperglycaemia and other metabolic abnormalities, T2D is associated with various comorbidities that reduce the quality of life, increase disease-related mortality and complicate its management. Indeed, patients with diabetes are at high risk for adverse outcomes due to cardiovascular disease, including heart failure, and chronic kidney disease [2] [3] [4] [5] . Accordingly, minimizing the risk of adverse cardiovascular and renal outcomes has become a new cornerstone in overall management strategies for T2D [6] .
Dapagliflozin is a selective sodium/glucose cotransporter 2 inhibitor (SGLT2i) that promotes glucosuria by blocking resorption of glucose in the proximal tubule of the kidney [7, 8] . Thanks to the resulting reduction in plasma glucose, SGLT2i, including dapagliflozin, are indicated for the management of T2D [9] . In addition to lowering glycated haemoglobin (HbA 1c ), SGLT2i also reduce blood pressure and promote weight loss. Four dedicated cardiovascular outcome trials (CVOTs) have shown favourable cardiovascular effects of SGLT2i, mainly in patients with T2D and established cardiovascular disease, including a reduction in the risk of hospitalization for heart failure. Furthermore, SGLT2i may also delay the progression of renal disease [10] [11] [12] [13] .
The largest CVOT conducted with SGLT2i was DECLARE-TIMI 58 ( 
Dapagliflozin Effect on Cardiovascular
Events-Thrombolysis in Myocardial Infarction), which evaluated the effects of dapagliflozin on both cardiovascular and renal outcomes in more than 17,000 patients with (ca. 40%) or at risk for (ca. 60%) atherosclerotic cardiovascular disease (ASCVD) [14] . In this broad population of patients with T2D, the trial showed that dapagliflozin was noninferior to placebo considering the primary safety outcome of major adverse cardiac events (MACE), but it did lead to a significantly lower rate of cardiovascular death or hospitalization for heart failure, with additional findings suggestive of a lower rate of adverse renal events. Results of this and other CVOTs with SGLT2i have now transformed the management of T2D, which is reflected in updated guidelines for T2D. Indeed, SGLT2i have demonstrated CV benefits by reducing the risk of CV events and mortality in individuals with T2D and established CVD or high CV risk [15] . According to the 2018 American Diabetes Association (ADA)-European Association for the Study of Diabetes (EASD) consensus report, the choice of a second agent to be added to metformin should now be driven by the presence or absence of ACVD, heart failure or renal disease, which are all conditions that should favour the use of either an SGLT2i or a glucagon-like peptide 1 (GLP-1) receptor agonist [6] . Thus, there is now a clinical shift from a primary objective of glucose control without hypoglycaemia and weight gain to a new goal of cardiovascular and renal protection [16] .
Although randomized clinical trials provide high-quality evidence, their transferability to real-life scenarios is somewhat limited [17] . Real-world studies are also regaining interest owing to their ability to collect large representative data sets on routine clinical settings in a relatively short time. Several real-world observational studies have been carried out with SGLT2 inhibitors. These include CVD-REAL [18] , THIN [19] and a Swedish registry [20] , as well as a recent real-world study on dapagliflozin with a population similar to that of DECLARE-TIMI 58 [21] . In general, the results of real-world studies with dapagliflozin and other SGLT2i affirm that these agents are associated with more favourable CV outcomes than other glucose-lowering agents, with lower event rates of hospitalization for heart failure and CV mortality [22] .
The DARWIN-T2D (DApagliflozin Real World evIdeNce in Type 2 Diabetes) study was a multicentre retrospective study in Italy to evaluate the baseline characteristics of patients receiving dapagliflozin vs. comparators, as well as effectiveness in routine clinical practice [23] . The study comprised 17,285 patients initiating dapagliflozin or comparator glucose-lowering medications, and showed that those initiating dapagliflozin were younger, with longer disease duration and higher HbA 1c , suggesting that dapagliflozin was initially channelled to difficult-to-treat patients. In line with other trials, dapagliflozin reduced HbA 1c by 0.7%, body weight by 2.7 kg, systolic blood pressure by 3.0 mmHg and improved albuminuria [24] .
To extend these studies to a multinational cohort, we present the results of a real-world study to evaluate the clinical characteristics of patients who received dapagliflozin in different real-world European settings. For this purpose, we assessed pooled data from observational studies carried out in Italy, Spain and Greece. This will thus allow a better understanding of differences in the practice of initiating dapagliflozin in various countries and according to different prescribing settings.
METHODS
A cohort of 3135 patients with T2D initiating dapagliflozin in Italy (n = 2484), Spain (n = 564) and Greece (n = 87) was analyzed. Recruitment criteria for each country are described below.
Patient Recruitment in Italy
For Italy, data from the DARWIN-T2D was used. DARWIN-T2D is a multicentre retrospective nationwide investigation involving 46 specialist outpatient clinics in Italy and was promoted by the Italian Diabetes Society. The design of the study has been previously described [24] . Briefly, the primary objective of the study was to describe the baseline characteristics of patients who initiated dapagliflozin following its marketing authorization in Italy (March 2015) until to end of 2016. Inclusion criteria included age 18-80 years, diagnosis of T2D at least 1 year earlier and initiating dapagliflozin 10 mg as add-on to metformin and/or insulin. In Italy, only diabetes specialists were allowed to prescribe dapagliflozin and reimbursement was limited to the combination with insulin and/or metformin.
Patient Recruitment in Spain
In Spain, dapagliflozin could be prescribed by primary care physicians and no major reimbursement limitations applied. The DAPA-RWE Spain study was conducted at 22 sites in accordance with the ICH Good Clinical Practice guidelines and following approval of the respective ethics committees. Eligible patients were 18-75 years with T2D under stable therapy with glucose-lowering agents. Treatment with dapagliflozin could have started 6 months before inclusion. To be included, the following patient information had to be available at baseline: gender, age, date of diagnosis of T2D, weight, height, systolic and diastolic blood pressure, body mass index, concomitant medication, fasting blood glucose, HbA 1c and estimated glomerular filtration rate (eGFR). Patients with type 1 diabetes or with gestational diabetes were excluded.
Patient Recruitment in Greece
Data was used from two studies conducted in Greece, DETECT (DETECTing Treatment Reality of Type 2 Diabetes in Real World Settings) and HEDGE (A national, prospective, non-interventional study of newly diagnosed patients with type 2 diabetes, wHo are starting first line thErapy in the primary care setting, to assess treatment patterns, algorithms anD preferences, in GrEece). Data for the group of patients using or starting treatment with SGLT2 inhibitors was extracted. Patients with T2D in DETECT and HEDGE studies were managed in routine care settings across Greece and the studies were conducted at 19 and 38 sites, respectively. As in Spain, in Greece, SGLT2 inhibitors could be prescribed by primary care physicians and there were no major reimbursement limitations. The study population of DETECT comprised patients with T2D who at the time of enrolment were initiating a second-line glucose-lowering therapy after failing their first-line monotherapy (excluding insulin). Inclusion criteria included a signed informed consent form, age at least 18 years and diagnosis of T2D. Exclusion criteria included type 1 diabetes and pregnancy. Patients who were initiating dual therapy after having previously received two different lines of monotherapy or who received a fixed dose combination as first-line treatment were also excluded. In HEDGE study patients with recent (within 12 months) diagnosis of T2D with or without current treatment were included. Further eligibility criteria were a signed informed consent form and age at least 18 years. Exclusion criteria included any other type of diabetes and pregnancy or lactation.
Study Objectives
Common definitions of the various clinical variables were harmonized among studies. Specifically, chronic kidney disease (CKD) was defined as eGFR (CKD-EPI) of at most 60 ml/ min/1.73 m 2 ; CVD was defined as prior history of myocardial infarction, angina, stroke, transient ischemic attack, peripheral arterial disease or revascularization of any arterial site.
We then pooled data from the four countryspecific studies to obtain a unique database of patient characteristics at the time dapagliflozin was prescribed for the first time. The primary objective was to compare the clinical profile of patients initiating dapagliflozin in the three countries. In addition, we compared patients enrolled in Italy, where only diabetes specialists were allowed to prescribe dapagliflozin and reimbursement limitations applied, to patients enrolled in Spain and Greece, where dapagliflozin could be prescribed by primary care physicians and no reimbursement limitations applied. Finally, we wished to evaluate to what extent, for each country, the percentage of patients who received dapagliflozin in clinical practice who satisfied the DECLARE-TIMI 58 enrolment criteria.
Comparison with DECLARE Population
For this analysis, we used the total population of patients from the three countries, which was divided according to whether relevant DECLARE-TIMI 58 inclusion criteria were met. Inclusion criteria included at least 40 years of age, HbA 1c of 6.5-12.0%, creatinine clearance at least 60 ml/min, established ASCVD or two risk factors other than T2D for CVD (age at least 55 years in men and at least 60 years in women, dyslipidaemia, hypertension or current tobacco use).
Statistical Analysis
Categorical variables were described as count and percentages and compared between countries with chi-square test followed by 2 9 2 post hoc comparisons. Quantitative variables were described as mean and standard deviation (SD) if normally distributed upon a Shapiro-Wilk test or as median and interquartile range (IQR). Comparisons between countries were made with ANOVA or Kruskal-Wallis test followed by 2 9 2 post hoc comparisons. Comparisons between cohorts divided by prescribing setting (primary care versus specialist care) or between study population meeting or not DECLARE inclusion criteria were made with t test or Mann-Whitney test. Hochberg multiple test correction was applied in all analyses. Standardized mean difference (the ratio of difference of means (DECLARE-our sample)/pooled variance) is presented with 95% confidence intervals as a forest plot. Statistical significance was accepted at p \ 0.05.
Compliance with Ethics Guidelines
All procedures performed in studies involving human participants were in accordance with the ethical standards of the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study. For Greece, protocols for the DETECT and the HEDGE studies were approved by all local ethical committees.
For Italy, the protocol of the DARWIN-T2D study was approved by all local ethical committees. For Spain, the protocol of the DAPA-RWE study was approved by all local ethical committees.
RESULTS

Clinical Characteristics
For ease of reference, main baseline clinical characteristics of patients initiating dapagliflozin by country are shown in Fig. 1 , and more detailed data are shown in Table 1 . A significant difference among countries was found for age, with patients being slightly older in Spain vs. Italy and Greece. Duration of diabetes was lowest in Greece (at 4 years) and highest in Spain (at 14 years). Baseline HbA 1c and fasting plasma glucose (FPG) were both lower in Greece than in Italy and Spain. Body mass index (BMI) was significantly higher in Spain. Patients in Greece had significantly lower blood pressure compared to Italy and Spain. Patients in Greece also had the highest levels of low-density lipoprotein (LDL)-cholesterol.
Concomitant Medications
Significant differences among countries were found for concomitant glucose-lowering medications (Table 1 ). In Italy and Spain, around 90% of patients were receiving metformin vs. 66% in Greece (p \ 0.0001). No patients in Greece were receiving insulin, compared to 42% in Spain and 54% in Italy. No patients in Italy were concomitantly receiving a sulfonylurea or GLP-1RA, whereas, in Spain, 28% of patients were receiving a sulfonylurea and 17% a GLP-1RA. Regarding drugs for control of concomitant risk factors, patients in Italy received more medications overall than those in the other two countries. 
Comorbidities
Significant differences among countries were found in comorbidities (Table 1) . Patients in Greece had lower levels of eGFR and lower prevalence rates of retinopathy, prior stroke, acute myocardial infarction, peripheral arterial disease and ASCVD. More than one in five patients in Italy had diagnosed retinopathy, compared to 16% in Spain and 2.6% in Greece. Cardiac comorbidities had roughly similar proportions in Italy and Spain.
Clinical Features Based on Prescribing Setting
Grouping the cohorts by prescribing setting (specialist vs. primary care) led to some differences being seen in baseline clinical characteristics ( Table 2 ). In particular, lower age and BMI were seen in specialist care compared to primary care. Baseline HbA 1c was also lower in primary vs. specialist (8.4 ± 1.6 vs. 8.7 ± 1.5, respectively; p \ 0.0001), with higher FPG in the latter setting. No significant differences were seen for the other laboratory variables. Differences in the frequency of concomitant medications were seen for all medications, which may reflect local reimbursement limitations more than the healthcare setting ( Table 2 ). In fact, more patients in specialist care were on the glucoselowering therapies metformin and insulin, and none on the remaining glucose-lowering therapies, compared to the two countries where these medications were prescribed by primary care physicians. Significantly more patients in specialist care were also on other medications for concomitant conditions compared to those in primary care. Lastly, differences in the proportion of patients with comorbidities were also seen. Of note, eGFR and urinary albumin levels were lower in primary care, and fewer patients in these countries also had concomitant retinopathy and peripheral artery disease. 
DISCUSSION
The present analysis was undertaken to evaluate specific characteristics of 3135 patients receiving dapagliflozin in different real-world settings in southern Europe using pooled data from observational studies carried out in Italy, Spain and Greece. Significant differences among countries were found for several baseline characteristics, including age, duration of disease, and glucose control. Substantial differences were also found for use of concomitant glucoselowering medications, which might largely be explained by differences in local reimbursement limitations in the three countries. At the time of the study, in Italy, only diabetes specialists were allowed to prescribe dapagliflozin and reimbursement was limited further to the combination with insulin and/or metformin. In contrast, in both Spain and Greece, dapagliflozin can be prescribed by primary care physicians with major limitations for reimbursement. The differences in baseline characteristics, and especially HbA 1c , are also of interest as this was Abbreviations are defined in Table 1 *Post hoc comparison between groups much lower in Greece vs. the other two countries. Altogether, the differences in age, diabetes duration and baseline HbA 1c suggest that dapagliflozin was being used at different disease stages in different clinical settings. This is confirmed by the diverse pattern of concomitant glucose-lowering medications. Importantly, country-specific reimbursement criteria were likely to be driving differences in choice of combination therapy. Our results also highlight that geographic heterogeneity is present with regards to prescribing practices for dapagliflozin, which may have an impact on its effectiveness in real-world settings outside of controlled clinical trials.
Results of the large DARWIN-T2D study [24] , which assessed the clinical profile of patients receiving a new prescription of dapagliflozin or other glucose-lowering medications in routine clinical practice in over 17,000 patients in Italy, suggested that diabetes care specialists had been initially prescribing dapagliflozin to patients considered difficult-to-treat, at least in the study period (2015) (2016) .
The cardiovascular safety of dapagliflozin was analyzed in the large DECLARE-TIMI 58 trial involving over 17,000 patients followed for a median of 4.2 years, over 10,000 of whom did not have ASCVD. The DECLARE population thus represents a broad group of patients with type 2 diabetes, and who had or were at risk for ASCVD. Our analysis from the pooled patient population from Italy, Spain and Greece indicates that many differences in baseline characteristics were present between the multinational south Europe population and that of DECLARE-TIMI 58 population, independently of whether or not patients met inclusion criteria for DECLARE-TIMI 58. Interestingly, a high proportion of patients initiating dapagliflozin in routine clinical practice satisfied DECLARE-TIMI 58 enrolment criteria. For comparison, Wittbrodt et al. reported that the eligibility of patients in the Diabetes Collaborative Registry was much lower for other CVOTs with SGLT2i, thereby suggesting a higher generalizability of the DECLARE-TIMI 58 population in the southern European population [25] . However, it should be noted that, even among patients who satisfied DECLARE-TIMI 58 eligibility criteria and received dapagliflozin, significant differences were found compared to the actual DECLARE-TIMI 58 population. Therefore, transferability of CVOT results to clinical practice needs to be accurately scrutinized. In this regard, the results of retrospective studies such as CVD-REAL [18] , THIN [19] and a Swedish registry [20] are reassuring that the benefits observed in SGLT2i CVOTs can be translated to patients receiving dapagliflozin in routine care.
A limitation of this study is that the cohort for Greece is relatively small so it might be less representative of the real-world patient profile in Greece. In addition, differences in inclusion criteria for the considered studies might also be considered a selection bias.
Fig. 2 Key baseline patient characteristics and concomitant therapies by country
CONCLUSIONS
Our pooled multinational real-world study found significant geographical differences among patients initiating dapagliflozin that help one to understand prescribing practices and patterns. The results suggest that dapagliflozin was being initiated at different stages of the disease according to the country-specific and prescribing settings. While country-specific reimbursement criteria may be at the basis of the observed differences in prescription of combination therapies, it also suggests that such geographic heterogeneity may have an impact upon effectiveness of dapagliflozin on glucose lowering, as well as cardiovascular and renal outcomes. To address these issues, we plan to extend the present baseline analysis to assess the effectiveness of dapagliflozin by country and prescribing setting.
Spain, the protocol of the DAPA-RWE study was approved by all local ethical committees.
Data Availability. The data sets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
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